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SWXPT=BACKWINGS
ByArthurL.JonesandLomaShier
SUMMARY
ApplicationftheFalknerllftlng-surface-theorymethodtothe
predictionfhinge-monwntand,incidentally,ift~ters for
.
l’ swep=aokplanformshasbeen-de inanattemptodevelopan~ .loguetotheexistingllfting-surfac+theoryprooeduzwforprediction
oftheseparametersonunsweptplanforms.Forthetiospecific
swept-backplanfoms Investigatedthehinge+nomentpredictionsbased
ontheFalhermethodwerenotingoodagreementwithewrimental
values.Thediscrepanciesb tweenthepredictedandtheexperimental
resultsprobablyareduetotheeffectsoffluidviscositywhichwere
notincludedintheFallmermethcdasappliedherein.
INTRODUCTION
Previoustothepublicationofreference1 Itwasgeneral
practicetopredictcontrol-surfacehinge+omentparametersfor
finite-spinwingsbyuseoflifting-linetheory.Lifting-linetheory
yieldsaninducedangleofattackwhichcanbeappliedtomodifythe
sectionhinge+aomentparametersbyaneffectiver ductionofthe
chordloadatallsectionsofthewing.Lifting+urface-theory
methodshavebeenintroducedrecently(references1 and2)inthepr+
dictionoffinite-spanhinge-momentparame~rsinanattemptoin-
cludetheeffectsofchordloadredistributionaswellaschordload
reduction.Thisredis=ibutionfthechordlcadlngthatoccurson
a finite-spanwinghasbeenfoundtohaveanappreciableeffecton
thehinge-mommtpammeters.
Onesuccessfulattemptoevaluatethechordloadredistri-
butimforunsweptellipticalp anformsandtoapplythegeneralized
resultstootherunsweptplanformshasbeenmadeinreference2 for
a practicalrangeofaspectratios.Thisattempthasprtiuceda
greatlyimprovedprocedureforhinge+noment-parameterpredictionfor
unsweptwings.Thelifting-surface-theorymethodsthatproducedthe
resultsofreference2,theCohenmethod(reference3) andits
,.—
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mchaniosiLcounterparttheeleotrcmmgnetdcanalogymethod,havenot
beenappliedasyettothepredictionfsurfaceloadingsandsub-
sequenthLng~ ntcorrectionsforsweptplanforms.Thetim
required‘tobtainoneresultantloadinganda lackofrapidc-
vergenaeofresultstoa satisfactoryeolutfonveryprobablyhave
beenthefactorsthathavepreventedthesuccessfulapplicationof
thesemethodstothesweptplanformcase.
AnothermethodforpredictingsurfaceloadingsistheFalker
applicatifmoflffting-surfaoeth ory(reference4)whichcanbe
appliedasreadilytosweptastounsweptplanforms.~iSmthod
hasbeenappliedinthisinvestigationt obtiintheflakplatepres-
suredlstrlbuticnsforuse inyredlctingtheamgle-of-attackhinge-
mcmxentparameters.A basicpxrtofthedevelopmentofthistheory,
theuseofa finitenumberoftermsina seriesexpansionfor
e~ssing thechcrdwfseandspanwisela%ddistributions,apparently
hasrenderedthe~thodimpractical.forpredictingdirectlythe
uhcrdwiseloaddistributionona flappedsurface.Byuseofa
slmplifylngapproximateion,hwever,predictionswerealsomadeofthe
~~rE~ f~ oontroldeflection.
ThenetiarkofhorseshoevorticesusedintheFallmernmthodto
representthevortlcltydistributionmightconceivablyrestrictthe
mthcdtomoduoingoodvaluesforave~ed orintegratedparameters
suchasthefInite-spanlift-curveslopewithoutyieldingaccurate
distributionsftheloadavertheliftingsurface.Ifsuchinaccur-
aciesinthepredictedloaddistributionexistedtheycouldeasily
invalidateFalknertsliftingsurfacesolutionforuseinthepre-
dictionofhingeamnetparameters.Consequentlyanefforthasbeen
n@e tocl,eckthispossibilitybyusingtheCohenmethodtodetarmine
theinduced velocitiesoftheFalknerloadingpredictedfora swept
planfcu’m.Theseinducedvelocitie@werecheckedagainstheboundary
valuesrequiredifthestreamistoflowalongtheflatplateatan
angleofattack.
TheEmltabilityoftheloadlngscalculatedbytheFalhermethod
forpredic~tinghinge—manent~tirs wasmeasuredbya ccmprisonof
thepredicatedan experimentalresultsfortwo35° sweptiackwings
andtwounsweptwingsofaspect=tios3 andh.5.
In the processofdeterminingthesehinge+nomentpredictions
basedonthecalculatedsurfaceloadlngs,it wasconvenienttopredict
theliftparametersalso.Noemphasiswasplacedonthisphaseofthe
investigation,haever,sincetheliftparametersforsweptand
unsweptwingshavebeeninvestigatedpreviously. .
.
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a geomtrioangleof-attaokfliftingsurfacemeasuredjnthe
planeofsyminetry,degrees(unlessotherwisepecified)
% inducedangleofattaok,degrees(unlessothetisespeoifled)
5 controldeflectiona glemasuredina plme perpendicular
tothehingeline,degrees(unlessotherwisepecified)
m
‘iftc-’ficient(%9
C2 seotionliftcoefficient( )
sectionlift
qc
% (hinge+mmntcoefficient‘@e =q be ce=?
‘h sectionhing~nt coefficient( )
sectiahinge?nc!zunt
q 0e2
c chordoftheliftingsurfaoemeasuredparalleltoplaneof
Smtiy
Oe chordofcontrolsurface
~ rootian+quarechordofelevator
x/o distancealongthechordmeasuredfromthe100alleading
edgeasa fraotionofthechord
b’ semispanoftheliftingsurface
Y/0/2) dls-ce ~asuredperpendiculartothe@ane ofsymmetry
divldsdbythesemispan
be spanofcontrolsurfaoe
s area ofwing
~
free-streamdynamicpressure
c~ variationfliftcoefficientwithangleofattack
(M#a)
c2a variationfsectionliftcoefficientwithangleofi
attack(ac@a)
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‘variationofhlnge+mmentccefficienkwithangleofattack
(*h/bU)
~ariationofsectionhinge-momentooefficlentwithangle
Ofattack(~ch/&)
variationfhing~ ntco9fficlentwithangleofcontrol
defbdfon(&hti)
variationfsectionhing~ ntcoefficientwithangleof
.— Oon&oldeflection(bCh/b@
Iccmtroleffactivenessparameter(czb/cza).—
vertioalccnnponentofinducedvelocity
circulationstrength
maximumcirculationstrength
nondimensional
aspect=tlo
angleofsweep
subscripts
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v ueoftheverticalinduoedvelocity
..:.
indegrees
—
._
cl ata constantsectionliftcoefficient
—
CL ata mnstantliftcoefficient
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6 ata constantcontroldeflectiona gle
S*C. anincrementdueto“s-aaulinecurvature”ffects
—
L.S. predictedusinglffting-surface-the~ymethods
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APPIZCATIONCIF~CfR13STO~nm (n?FINI!D?X5PAN
HIN@&MOMENTP~ FROMSEOTIONRATA
An understandingoftheprooedureusedhereinfm applyingthe
Fal&erlifting-surface-theorymtiodtothepredictionfhinge-
nmmentcomectdmnsoanbegreatlyfaoili-tedbya shortdiscussion
ofthefundamentallifti~urfaoe theory.hkmtoftheseideas
haveappearedpreviouslyinotherpublications.Thediversityof
theanalyticaloperationsrequiredby theFallmerandCohenz
-thods,however,warmmtsthefollowingocqaaisonofthetwo
methodswithregardtohinge+ncxmntpredictionapplications.
GeneralProdecuresforLoadingandHinge40mentDeterminations
Thelifting-surfaoetheorymthodsofreferences3, 4, and5
areintendedtoprovidesurfaceleadingsthatsatisfytheboundary
conditicmmofnoflewthroughthewingfora finite-spanthinaiz=
foil.Thesetheoreticalsolutionsgenerally=e obtainedusing
thelimitlngeaseofa thinairfoil(suchasthemeanoamberline
toobtainthebasioloading,cmthechcrdlinetoobtaintheaddi-
tionaloading)fortheboundaryconditions.To~dict C~
theohordlineatanaagleofattackisestablishedasthebasio
boundaryconditiona dforanuntwistedwingoffinitespanthe
chordlinesfam a flatplate.Thepredictionfor C
9
oanbe
obtainedbyusingthemeanoamberlinewithcontroldelmtedas
thebasicboundssyaondition.
Sincetheusualprooedureinthepredictionf Ck and Ch8
istomodifythesectiondatacorrespondingtotheairfoilprofile
ofthewingbyaccountingfcmthree-diumsionaleffeots,itis
apparentthatfora givenplanformthedifferenceb tweenthe
sta?ip-theoryloadinganda lifti~urfaoe theoryloadingisneeded
forthehinge+mmentcorrections.Thisdifferenceinladingsis
generallyregarded(referenoes1 ad 2)ashavingtwocom~onents:
onethatoanbeconsideredasduetoanaverageinduoedangleof
attackq andanotherthatoanbeconsideredasduetothevaria-
tionof theinducedeagleofattaok(produoedbythevsziationf
thevertioalinducedvelocities)alongthechord.Thelattercom-
ponenthasbeenoalledthestreamlinecurvatureeffect(references
land 2). Theconsiderationoftheinducedlmd ashavingtwoc-
pmentswasevolvedwiththeapplicationftheCohenmethodto
thepredictionffinite-spanhingemoments.
Whe eleclammagneti~logymethod(reference5) isbasedonthe
sameanalyticaldevelopmentastheCohensemigraphioalmethod
reported5nreference3. Forthepurposeofthisanalysisthen,
thetwoMthodscanbeconsideredtobethesameandreference
willbe-de onlytotheCohenmethod.‘
.
,
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Theeetwocomponentsofthedifferenceb tweenthestri>theca?y
andliftfn&-eurface-theorylcadlngsyieldtwose~te ccmrecti.one;
the ~ ocmpdnent3sappliedasa percentageoorrectlmntothe
sectiondataandthesta?esmltnecurvaturecomponentisappliedasan
additivecorrection.Inviewofthisanalysis~ and Chb can
bewritten(neglectingthespaxmrisevariations),
(chJL*~a=Ckt. * C& + (mlcz)sc.
9
Determination
!l!hisnsthcdis
given or anassumed
thestiacelcadlng
ap~oximat%loading
ofHinge-McmentAei~otRatioCorrections
UsingtheCohenWthod
setuptoffndtheInducedvelocitiesfora
surfaceloading.Itisdesiredtofind,hcwever,
forspecifiedboundexyconditions.Thebeet
whichcanbeestimtedreadilyIsassumed,
therefore,andtheinducedverticalvelocitiesata numberofpetite
ontheliftlngsurfacearecalculated.Forthisanalysisthestri~
theoryloading(Iiwo-d-nsionalchordloadingssuperimposedonthe
wing)wasconsidereda equatefora f$rst appro~ticm. Ifthe
induoedvelocitiesfortheassumedlcadfngdonotsatisfythe
boundaryomditlonsitIsnecessarytodeterminetheproper
oombinationofinducedangle-ofattackloadingandstmamllnecurva—
tureleadingwhioh,whensuperimposedontheassumedleading,will
ellmlnatehedifferencesbetweenthebaundaryconditionsandthe
verticalinducedvelocities.Thusbya prcmessofsystemtlcappro>
titlonstheloaddistributionoa bead$mteduntiltheinduced
velocitieE satisfytheboundaryconditions.Thenatureofthe
operationsprescribedby”thismthmipermitsitsapplicationtodie- “
continuoussurfacesandprovidesa methcxiofpredictingCh~ as
wellas
‘%3*
.—
_—
. .
DeterminationofHinge-MomentAspec%RatioCorrections
_==
UsingtheFalknerMethod
TheiapproachfollcwedinthedevelopnmntoftheFallmermsJthod -
limitsthsapplicationofthemethodtosomeextentbutxovidesa
. . *-
.—
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meansofobtainipgdirectlythesurfacel=dingf= a givensetof
boundaryconditions.Inthismethodthespsmwlseandohordwise
lad distributionisre~esentedbya doubleinfiniteserieswhich
inpracticalpplication1srestrictedtoa smallfinitenuriberof
terms.Tosimplifytheevaluationfthecoefficientsinthe
series,thesurfacedistributionofvortioityisconoenta?atedinto
a f Inite number of vorticesandtheboundaryconditionsaresatis-
fiedat a finite numberofpolnte.Thentierofchordwiset rms
Intheseriesrequlmedtodetermlnstheloaddistributiondueto
controldeflectionwithsufficientaccuzYzcywouldextendthecom-
putationt- excesst~el.y;hencethepredictionf C
9
directly
by theuseoftheFalknermethodappearstobeimpraotcal.A
simplif@ng assumptionconcerningthemmponentsofthecontrol-
defleotedl=ding,however,providedtheappro~te predictionfor
~ presentedinthediscussionftheresults.
Forthepredictionsoftheangl=f-attackparamtersthe
desirediferenoebetweenthestiip-theayloadingandthe
Faber liftlng+tiaceloadingfora givenangleofattackis
founddirectlyby subtraction.Consequentlythedifferencein
loadlngdoesnotappearintheconvenient‘ wo-caponentfOr& The
physicalinterpretationassociatedwiththetwocomponentsofthe
inducedleadan&theequatione~ressingthefinites- ~
metersasfunctionsofthesecomponentsarewellestablished.It
isdesirable,therefore,toresolmtheZnducedloadbasedcmthe
Falknermethodcalculationsintothetwocomponents~therthan
toattemptanana4eisusingthetotalinducedleadasoneunit.
ToseparatetheInduoedangle-ofdttackeffectcontainedintie
secondterrorofequation(1)fromthestreamlinecurvatureo-
ponentformingthethirdtermofequation(1)thefactoraj/u
mustbedeterminedsomewhatarbitrarily.Itwasfoundthatthe
mostsul~blearrangezmmtwastoderbermlnea factoraj/CLbased
ontieFalknerpredictedvaluefor C% whichsubsequentlycould
be transfommdto ~/a. Sincethelif-urveslopecm be
eqressedinterm of ~ and (~)Scc. inthefollowingmnner
(neglectingthespanwiseintegmtione)
(3)
—.-
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(Lw~) .
where s•~l IScomposedof’ all the elemntaleadsofthe
—~
chordwisel addistributionexceptheadditionalt~ loading
ele~ntrepresentedbythe cotf3/2terminFalhertsserie~then
where~z istheFaUsneresultand Cza=%.
Thedesiredformfor ~ isfinallyobtainedfrom
wherethe Ch tobeusedhasbeenadjustadtothepropmeection
Cla bymoansofequation(3).
Thisvalueof ~/a isappliedintheseaondtermofthe
hinge+mmentequation(1).Thethirdtermofequation(1)
Eh -----
(J
.-
T .C. oanbe“co&~&d~romthel“a”dingelementsmakingupthe
%.C. loadplustheintegrationofthespanwisevariationufthethe cot0/2 loadrelativetotheaverageoot(3/2load.The
averageclot0/2 loadcorrespondstothe q/a factordiscussed.
DIX3CUSSIONCl?THEXHTICALANDEXPERIMENTALRESULTS
TheoreticalCheckofFalknerSolution
---
.
.,__
—
ThepcmsibilitythattheFalbermethodmightnotPovidea
mfficientlyaccuratetheoreticalsolutionfa theloaddistrib-
tionatfairlylargeanglesofsweepledtoa theoreticalinvesti-
gationtochecka Fal.knersolutionfora 45°swep~ck wingby
meansoftheCohensemigraphicalmethod.Thecalculatedinduced
velocitiessmdtheirlooationsaregiveninfigure1 alcmgwiththe
properboundaryvalue.Theboundaryoonditionestablishedbythe
—
flatplateatanangleoflat~ckwasnot~reciselysatiefiedat
anyofthepointsinvestigated.Theestimatedleadsneoessaryto
remcwethedismepanciesbetweentheinducedvelocitiesandthe
—
--
.-
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boundaryconditions,however,yieldeda ~erysnmllckingein
he~nt coefficient,approximately~ = 0.0002.
ThisresultindicatesthatanysizeableerrorInthehinge-
mcnmnt~ter
%?
predictedbytheFalJmermethodwouldbe
duetotheeffects viscosityratherthantheinabilityofthe
Falknernwthodtoprovidea sufficientlyaccuratesolutionfcw
potentialf ow.
SourceofE~rlmen*l Results
Thee~rinwntal*&dimensionalandfinl-pan YELIUSSofthe
P===*rs ticlutidin~b~ 1wereobalned fromtestsof a tm-
dimensi~lmodel,twounsweptsemispanmodels,andtwosweptsemi-
spanmodels,inthe7- byl&footwindtunnelsatthe-s Aer~
nauticallaboratory.Theairfoilsec~onwasan~ 6&o1oand
onthesweptplanformsthissecticmwaslocatedperpendicularto
thequarte=hordline.Allthefinite-spanmedalshadtaper
ratioscd0.5andlvid3~~rcent+hordfullspan,sealedgap
ele=torswithnoseradiusbalances.BoththetwcALinwnsionaland
threedimensionaltestswere=de ata Reynoldsnumberofappro~
imately3.0by1~.
Ccanparisonof Theoretical andExperimentalRemilts
Thevaluesofthe~ters predictedbytheSuanson~thd
andpresentedIntibleIwerecalculatedbytieopmationsout-
linedInreference2. Tncludedintheseoperatkmswerea vis-
oosltyfactorforthestreamlinecurvatureloadanda compressi-
bilityfactor.Thecomputationsofthevalues attributedtothe
Falknermethod~e basedontheFallmerloadingsolutionsfca?
fourellipticalp anform4,twosweptandtwounswept@ aspect
ratios3 and4.5. Thesweepangleof35° wasreferredtothqone-
quarterchordline,whichwaskeptstraightonthesePM fams.
TheeQress50nsforpredictingtieaerodynamic~ters cc9asl&
eredaregiveninthediscussionftheindividualparameters%
Theclifferenceintheplanf am usedtoobtaintiepredicted
ande~rimentalresults(respectively,anellipticalnda 0.5
-per ratioplanfomn)leftthepossibilityhatanydiscrepsacies
arising%etueenthe~edictedande~r~ntal resultsmtghtbe
duetoa greatlyIncreasedffectof&per ratiochangeson the
surfaceloaddistributionatappreciablesweepbackangles.For
unsweptwingstheapplicationfellipticalp anfmm resultsto
10 .“kACATN ITO.~506 ““” –
—.
thepredictionfaerodynamicparamtersforvarioustypesof
taperedplanformshasbeenfoundtobereasonablyacourateas
wellaspractical.Theaddedeffectsofsweep,however,madeit .
desirabletoanalyzea 0.5taperatioswept-backplanformof
aspectratio$andcomparetheresultswiththeresultsbasedon
theanalysisoftheellipticalp anforms.Thecomparisonshowed
thatthedifferenceb tweenthepredictedresultsfortheell@-
ticaland0.5taperatioplanforms,giveninthefolluwingable,
wassmallenoughtobeoflittleconsequenceinthiscase.
—
lhperatio0.5 Elliptical
-0.0022 -0.0023
-.0093 -.0093
,054 .055
l032 .033
.60 .60
I
Thepredietadvaluesfortheunsweptwingsarenottitendedas
a comparisonbetweenexperimentandtheoryinordertocheckthe
validityofthepredictionsbyreference2. mh mthodhaS
alreadybeenestablishedasgenerallysatisfactorybye~rimsntal
verificationm a largenumberofwings(approximately30).The
unswept“wingresultsarepresen-dtoIndicatetkt excluei?eOf .
theincidentalcompressibilityandviscosityfactorstheFalkner
methodprovidesessentiallythesamecorrectioni magnitudeand
directionthattheestablishedmethodofreference2 provides.
(Forprofiletrailing+dgeanglesof140orledsthevfscosity
factoreducesthestreamlinecurvaturecomectionby lessthan
10percent.)
c .-
-i?
Theexpressionusedtocalcu~teC% Isequatdon(1)
whichasbeendiscussedpreviouslyinthesectiononapplication
ofthemsthodtohingeammentcorrections.
Thediscrepanciesb tweenpredictedandexperimentalv ues
fortheunsweptwingsarelargerthanexpected.Theutilityof
.
, ----
:..—
.—
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thesepredictions,consequently,couldbequestioned.Itshould
benoted,however,thatfortheeaunsweptplanformsthestream-
linecurvaturecori?ectionsamounto Mb = 0.0018 and
~ = O.0011fortheaspectratios3 andL5, respeotivelyoThe
lifting-line-theorypredictionswhichwouldbeequivalenttothe
lifting-surface-theorypredicticmsminusthestreamlinecurvature
correctionswouldbeinerrorby2-1/2to4 tiumsasmuchasthe
Ititing+urface-theorypredictions.Reviousevidencef(references
2 and6)indicatethatforapplicationsofthelift~urface-
theorycomectionerrorsof0.0006and0.0008forthepredicted
valuesof C~ areexcepticmalbutnotunreasonable.
Thediscrepanciesntheprediatedwluesof ~ forthe
sweptiaakwings,however,arebeyondthelimitsofrationaliz-
ticmbyconsiderationasrandomaases.Thestreamlinec~ture
correctionfortheseswep%backwingsare ~ = 0.0007and
ZX& = -0.0003fortheaspectmtios3 and4.39 ~smct~m~=
~us thelifting-line-theoryvalueswouldbeonlysl-ightly
improvedupm inonecaseandwouldbeslightlysuperiorinthe
other.As shownpreviouslytheFalknermethodgivesa sufficientl.y
aocuratetheoreticalloaddistributionfcminviscfdflow,hencethe
deteriorationofthelifting-eurfaae-theorypredicationsi the
sweptiaakoasesapparentlyisduetotheinareasedviscouseffects.
c .-
+?
The C% valuesattributedtothel?allmernmthcdhave
be& a ustedtothepropersectionlift-curveslopeby~s of
equaticm(3).ThereliabilityoftheSwansonandFallmermethods
fcirpredictionsof ~ forunsweptwingshasbeeninvestigated
anddiscussedpreciouslyinreferenaes2 and4. W bothofthe
presentappliaaticns.tounsweptwingstheprediatedvalwswere
slfghtlyhigh.Thepredictedvaluesof Cb forsweptwingsby
theFa.lknermethodwerealsohigherthantheexperlnemtal.values.
..
~.- TheinabilltyoftheFalknermthodtoyield ireatly
surfacel-dingsolutionsfordeflectidcontrolsurfaceshasbeen
discussedpreviously.Althoughthisresizrlaticnpreventsan
e~liait~~=nati~ & Ch
$
bytheFallmer?mthod,aaeqnw+
sianfor C
9
canbedevelod ipvolving~reQ tiesectionC%
anda partiaevaluationftheinductioneffects.
12
indicatesthattheloadingfora ucmtroldeflection
a canbeccndderedaecomposedoftwoconstituent
NACATN NO.
ata ccmstant
parts,a Wd-
IngConespondingtotheV&iationofthehi-e~nt wiih
controldeflectionfora constantcl, (ch~)cz,anda loading
correspondingtothevariationfhingemmmntwithangleof
attackfora ccmstantcontroldefleotion,(Q5 l Theinduction
effects
method.,
Sidered
becanss
cm be determinedforonlythesecondtermbytheFalkmer
butiftheinductiaeffectsofthefirst@rm arecon-
tobenegligibletheexpressfcmforthefinibsx Chb
c%=(%Ja+ C%)czc%- (%)%(%JLo~. ““
Thise~msion wasusedtodeterminethe~dictedvaluesatt&f-
bwtedtoFalknerthatarepresentedintableI. Anexcellent
checkonthisexpression,canbemde by substitutinge~rimn~l
resultsfcmthetermsontheright-handsideoftheequation.
Thusfortheaspmtratio3 unsweptwtng
——
1506
.
—
—
.
--
Cha= 4.0XL4 + (-0.602) (-0.0057) - (~e70) (~.~lo) = ~**
.
andf$a?
c% =
asyeotratio!h5unsweptwing
-0.0114 + (-0.602) (-0.0057) - (0.68) (4.0020) = -0.0094
.—=.=
almostthe)precisemasuredvalues.
Fortheunsweptcasesthisexpressionappliedtotheseotlon
datayieldedverygoodpredictions@ CE5. Inthesweptcases,
however,theviscouseffectsandpossiblytheneglectedinduced
effectsem apparentlyquiteimportantandtheFallmermthod
dms notappeartobeapplicableevenIntheapproximatefcm of
expression.
zi”- Byusingthesamedivisionoftheloadingde~lectialthatwasanalyzedfor Chb ud by**
duetoflap
thesem
.
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assumptionsconcerningtheinducedeffects,a simplifiedxpree-
slonfor C% canbewritten
The=h.OS for CL thatareattributedtotheFal.knermethodwere
calculatedusingt~iaewression.Comparisonfthepedicada-d
e~rimentalvaluesfm C% leadstoGouclazsZaussimX!&xtothose
f~r Cha. Thepredictedvaluesfortheunsweptwingsaresatis-
factoryand3ustify theassumptionsthatwere~de. The~e-
dict&s for-the
errorindicating
areimportant.
swep~ackwings,huwever,
thattheneglectedinduced
CONCLUDIM2REMARKS
are
and
Comparisonftheprediotedvaluesof C&
appreciab-~in
viscouseffects
withtheexperi-
mentalvaluesf% thetwounsweptwingsindic=tidthatnotw~t&
s-ding incidentalviscosityandcompressibilityfactorsthe
Falknermethodprovidedessentiallythesam correctionstothe
lifting-llne-theoryhing~ ntandliftparanmtersthatwas
providedbytheprocedureoutlinedin~ No.1175bySuaneonand
Crandall. Althoughneither eetofpredictedC~ values forthe
unsweptwingecheckedthee~rimentalresulteaswellase~c~d,
thepredictedltfting~urface-theoryvaluesweregreatimyrove-
menteovertheItfting-line-theorypredlctfone.
Thevalueeof C~ fa theswept-backwingspredictedbyan
applicationfFalhersslifting-surfacetheorywereinerrorto
euchanextentaetobe impractical.Thesevalues ehcwednonet
ilgprove~ntoverthellfthg-ldne-theoryvaluee.Theotherhlnge-
momentpammeterC* estfmtedbyueeoftheFalknerpredicted
surfaceleadingwaeappreciablyinerroralso.
Theunreliabilityoftheaerodynamicpaz%mterepredictedfor
thesweptAackwingeisnotdirectlychargeabletothepotential
theoryeurfacebadlngepredictedbytheFallmermethodfortheee
planforms.Thepredictedloadfngfora 45°swepkbackwingwas
checkedandfoundtosatisfytheboundaryconditloner asonably
well.Thueitisprobablethatthedfecrepanciesb tweenthe
predictedandexperimentalreeultefortheewep=ackwingsare
—14 NACA~ NO.1506
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duetoviscouseffeotswhichwerenotincludedintheFallmer
methodmnalyeisappliedInthisinvestigation.
AnUMIAeronauticalIabaratory,
IWtlcmdAdtilsaryCommitteeforA!StrOW3UtiCB,
MoffettField,Calif. -
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Cnnml-m m AfncwuTlcs
TABLEI.-CCUPARISOllOFPREOIC’I!SDMD EXPEWMl?WULVALUES
Section A=3.o A=4.F
Ile~er-AP@ied Refet- Applied
Para- gxperi- enoe FdklMr Erperi- enae Falbmr lgrperi-
neter Iwltal 2 method mental 2 method mental
unswept
Cha 4.006V-0.0017 -000016 -040010 -0.0029 -0.0028 -0.0020‘
ch8 -.0114 -.0064 -.0089 -.0067 -.009s -.0067 -.0096
%a l1OS .056 .057 .053 .071 .(Y7O .066
%/j lW .036 .0s5 .037 .044 ! .042 .046
a~ .608 .640 .610 l7W .626 .600 .660
t
swept
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c% -.00s7 -- -.0023 -.001!3 -- -.0039 -.0021
%6 -.0114 -- -.0093 -.0072 -- -.0105 -.0069
%a. .108 -- .055 .063 -- .057 .0s1
%8 “* -- I
.033 .028 -- .040
I
.032
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NATIWL ADVISORY
~lTTEE FWl MiWNAUTICS
00 ,/ .2 ,3 .4 .5 .6 .7 .8 .9 [0
Chofdw/3e /DOS/?/d7, X/C
figure k- Aduced wkcifkv cakwhfed @ fhe C&n method for h%
hod~ng predicted Ay /k /l%2ner mefhod m u 45°swepfhck wl+p.
